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by the general formula (1). The derivative is excellent in the electric charge transferring capability, the compatibility 
with a binding resin and the stability, thereby providing a photosensitive material which is highly sensitive and excellent 
in the durability. 




d) 



wherein R'. R 2 . R 3 and R 4 each represent a halogen atom, an alkyl group, an atkoxy group or an aryl group: and a, 
b, c and d each represent an integer from 0 to 5. ^ . . \ 
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Description 



BACKGROUND OF THE INVENTION 



5 The present invention relates to a novel phenanthrylenediamine* derivative which is suitably used as an electric 

charge transferring material, particularly as a hole transferring material, in such applications as electrophotosensitive 
materials, solar batteries, electroluminescent devices and the like, and to an electrophotosensitive material for use in 
electrostatic copying machines, laser beam printers and the like. . * ' 

Heretofore known as the electric charge transferring materials for use in the aforesaid applications are various 
^organic .compounds, such.asxarbazolexompounds.-oxadiazole compounds, pyrazoline compounds, hydra zone com-™ 
pounds, stilbene compounds, phenylenediamine compounds and benzidine compounds. 

These electric charge^transferring materials are gen erally use d in a_state where t hey ar e dispersed in a layerof a_ 
sultab,e ~ bin ^ a single-layer organic 

photosensitive material comprising any of the, aforesaid electric charge transferring materials dispersed in a binding * 
resin along with an electric charge generating material, and a multi-layer organic photosensitive material comprising 
an electric charge transferring layer containing any of the aforesaid electric transferring materials and an electric charge 
generating layer containing an electric charge generating material. These organic photosensitive-materials are advan- 
tageous in that they are easier to produce than inorganic photosensitive materials using inorganic semiconductor ma- 
terials and allow a wide choice for the electric charge generating material, the electric charge transferring material, the 
binding resin and like materials thereof, thereby offering a higher flexibility in performance design thereof. 

Among the aforesaid electric charge transferring materials, an exemplary one is a m-phenylenediamine derivative 
represented by the following general formula: . . •• < 
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wherein R* RB. rc and r d are the same or dlfferent and each represents a hydrogen atom, a halogen atom, an alkyl 
group optionally having a substituent. an alkoxy group optionally having a substituent. or an aryl group optionally having 0 
a substituent. > . ■ " 

The mrphenylenediamine derivative is highly compatible with the binder resin and excellent in the electric charge 
transferring capability However the m-phenylenediamine derivative surfers an insufficient stability, and is liable to 
deteriorate or decompose particularly when it is rendered highly reactive in a singlet excited state by light irradiation 
This is because electrons at the HOMO (highest occupied molecular orbital) level involved in hole transfer are localized 
in 4- and 6-position carbon atoms of a benzene ring of the main skeleton thereof, thereby enhancing the chemical 
- reactivity at the 4- and 6-positions of the benzene ring. 

For this reason, when an electrophotosensitive material employing the m-phenylenediamine derivative as an elec- 
tric charge transferring material is repeatedly used, i.e . when the electrophotosensitive material is repeatedly subjected 
to.a process sequence of charging, light exposure and charge removal, the m-phenylenediamine derivative undergoes 
a photochemical reaction to produce deterioration products, which causes a decrease in the sensitivity of the photo- 
sensitive material and an increase in the charge level thereof This results in an insufficient durability of the photosen- 
sitive material. . • .. • . > • • . • •. ■ • . ■ 

Japanese Unexamined Patent No. 5-39248 (1993) discloses a' phenanthrylenediamine derivative including, in- 
stead of the benzene ring. of the main skeleton of the phenylenediamine derivative, a phenanthrene ring having a \ 
quenching effect for promoting the deactivation from its photo-excited state, as represented by the followina general 
formula (4): 
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wherein R E and Ffare the same or different and each represents a hydrogen atom, a lower alkyl group a lower alkoxy 
group or a halogen atom. • . . . . 

. -However the derivative (4) does not have in practice a sufficient compatibility with a binding resin to be used for 
a photosensitive layer thereby causing crystallization when used for an electrophotosensitive material. 

20 . ■ . 

- SUMMARY OF THE INVENTION 

It is a principal object of the present invention to provide a novel electric charge transferring material which is 
excellent in the electric charge transferring capability, compatibility with a binding resin and stability. 

25 It is another object of the present invention to provide an electrophotosensitive material which uses the electric 

charge transferring material and is excellent in the sensitivity and the durability. 

In expectation that the stability of a material could be improved by employing, instead of phenyl groups respectively 
bonded to two nitrogen atoms of the aforesaid phenanthrylenediamine derivative, biphenyl groups which have a 
quenching effect and provide an improved compatibility with a binding resin, the inventors of the present invention 

30. attempted a molecular design of a phenanthrylenediamine derivative as a hovel compound. As a result, the present 
invention has been achieved to provide a compound which has a phenanthrene ring substituted at 9- and 1 0ppositions 
thereof with two nitrogen atoms each having at least one biphenyl group bonded thereto, i.e . a phenanthrylenediamine 
derivative represented by the general formula (1 ): 

35 . 



40 



45. 




: - . . d) . . . . • ' . 

wherein R 1 . R 2 , R 3 and R 4 are the same or different and each represents a halogen atom, an alkyl group optionally, 
having a substituent. an alkoxy group optionally having a substituent. or an aryl group optionally having a substituent: 
and a. b ; c and d are the same or different and each represents an integer from 0 to 5. 
. The inventors' findings imply the following; *** . - • • ' " ' \* 

(a) Since electrons^! the HOMO [evel are distributed throughout a.molecule of the phenanthrylenediamine deriv- 
ative along the biphenyl structures, the HOMO-level electrons are present in a larger area in the molecule than 
the m-phenylenediamine derivative to improve the mobility of electric charge. Therefore, the phenanthrylenedi- : 
amine derivative has an improved electric charge transferring capability. 
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(b) Since the localization of the HOMO-level electrons is eliminated as described above, the electron distribution 
becomes planar.^Where the phenanthrylenediamine derivativeielectric charge transferring-matefial) is ineorpo- 

. ' rated in a photosensitive layer along with an electric charge generating material, a synergistic effect with the electric 
charge generating material, i.e.. an action for deriving an electric charge (particularly, a hole) generated by the 
electric charge generating material, is enhanced to improve the efficiency of electric charge generation of the 
electric charge generating material. Thus, the sensitivity of the photosensitive material can be improved 

(c) The non-localization of the HOMO : level electrons eliminates a chemically highly reactive area within the mol- 
ecule which may otherwise locally appear due to the localization of the electrons (in the case of the m-phenylen- 
ediamine derivative, such an area appears in thebenzene ring at the center of the molecule thereof) This effect 

. ^ along with the.quench in g_ef f ect of f ered by _th a phenanthrene ri ng _ajnd the bjphen y liLng^a Hows the ! phenanth rylen- 
ediamihe derivative to have an improved stability particularly under light irradiation 

(d) The planar electron distribution causes the structure of the molecule itself to become planar, resulting in a 
tendency'tdw^ 

at o-bonds in the biphenyl groups of the derivative, excessive planarization of the molecule thereof is suppressed. 
Therefore, the phenanthrylenediamine' derivative has in practice a sufficient compatibility with the binding resin. 

According to another aspect of the present invention, there is provided an electrophotosensitive material which 
comprises a photosensitive layer formed on a conductive substrate and containing the phenanthrylenediamine deriv- 
ative represented by the general formula (1). 

DETAILED DESCRIPTION OF THE INVENTION 

In the phenanthrylenediamine derivative represented by the general formula (1). examples of the halogen atom 
for R 1 R 2 . R 3 and R 4 include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom 

Examples of the alkyl group for R 1 . R 2 : R 3 and R 4 include lower alkyl groups having 1 to 6 carbons such as a 
methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a s-butyl group, 
a t-butyl group, a pentyl group and a hexyl group. "■■ ; 

Examples of the alkoxy group for R 1 . R 2 R 3 and R 4 include a methoxy group, an ethoxy group, an isopropoxy 
group ,a butoxy group, a t-butoxy group and a hexyloxy group. 

Examples of the aryl group for R 1 ; R 2 R 3 and R 4 include a phenyl group, a biphenyl group, a naphthyl group; an 
anthryl group, a phenanthryl group and an o-terphenyl group. 

* Examples of the substituents with which the alkyl group, the alkoxy group and the aryl group are optionally sub- 
stituted include alkyl groups, halogen atoms and alkoxy groups as described above. 

The numbers of the groups R 1 . R 2 . R 3 and R 4 defined by characters a. b c and d ; respectively, in the general 
formula (1 ) may be selected from 1 to 5. If the number a. b. c or d is 2 or greater, the groups R 1 . R 2 . R 3 or R 4 may be 
different from each other. ■ 

More specific examples of the phenanthrylenediamine derivative (1) of the present invention include a phenan- 
thrylenediamine derivative having a biphenyl group and a phenyl group bonded to each of the two nitrogen atoms 
thereof as represented by the general formula (2): * ' 




wherein R 1A and R 3A are the same or different and each represents a halogen atom, an alkyl group optionally having 
a substituent, or an alkoxy group optionally having a substituent: R 2 and R 4 are the same or different and each repre- 
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sents a halogen atom, an alkyl group optionally having a substituent. an alkoxy group optionally having a substituent. 
or an aryl group optionally having a substituent: and a. b. c and d are the same or different and each represents an 
integer from 0 to 5. 

and a phenanthrylenediamine derivative having two biphenyl groups bonded to each of the two nitrogen atoms thereof 
5 as represented by the general formula (3): 



w 



15 



20 




wherein R 1B ,R 2 , R 3B and R 4 are the; same or different and each represents a halogen atom, an alkyl group optionally 
having a substituent. an alkoxy group optionally having a substituent. or an aryl group optionally having a substituent: 
and a\ b. c and d are the same or different and each represents an integer from 0 to 5. H 

20 in terms of the compatibility with the binding resin, it is preferred that all the substituents bonded to the nitrogen 

. 'iatoms of the phenanthrylenediamine derivative are not the same: More specifically, the phenanthrylenediamine'deriv- 
ative is preferably such that two of the four substituents bonded to the nitrogen atoms are phenyl groups and the 
remaining two are biphenyl groups, or such that two of them are biphenyl groups and the remaining two are terphenyl 
groups. • 

os More specific examples of the phenanthrylenediamine derivative represented by the general formula (2) include. 

- ■ though not limited thereto, compounds represented by the formulae (2-1) to (2-8): 
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(2-4) 



55 




BNSOOCID: <£P 0757036A1 J_> 



7 




8 




BWSOOCID: <EP 0757036A1 J_> 



9 



EP 0 757 035 A1 



.5 



10 



15 



25 



30 



35 




40 

(3-7) 



45 



50 



BNSOOCID: <EP 0757036*1 _!_> 



11 



EP 0 757 035 A 1 



w 



15 



H3CH2CH2CH2C CH2CH2CH2CH3 




20 



(3-10) 



25 



30 



35 



40 




45 



(3-11) 



The phenanthrylenediamine derivative of the present invention can be synthesized by various methods. 
For example, a phenanthrylenediamine derivative which has four biphenyl groups bonded to two nitrogen atoms 
and each having the same substituent as represented by the general formula (31) is synthesized by the following 
50 reaction scheme: 
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(31) 



wherein R 1 and a are the same as described above. ; . . ' 

Specifically, 9.1 O-phenanthrylenediamine and a 4-iodobiphenyl derivative in a molar ratio of 1:4 are mixed with 
copper powder, copper oxide or a copper halide. and allowed to react in the presence of a basic substance to give the 
phenanthrylenediamine derivative (31). . 

A phenanthrylenediamine derivative represented by the general formula (32) is synthesized by the following re- 
action scheme: 
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,. •'" ; ■ (32) ■ v"^-'; 

wherein R 1 , R 2 a and b are the same as described above. 

Specifically, N,N'<iiacetyl-9,10-phenanthrylenediamine and a 4-iodobiphenyl derivative (6) in a molar ratio of 1:2 
are mixed with copper copper oxide or a copper halide, and allowed to react in the presence of a basic substance to \ 
give an intermediate reaction product (7). In turn, the intermediate reaction product (7) is allowed to react in a suitable 
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to 
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solvent containing hydrochloric acid to give a deacetylated intermediate product (8), which is then allowed to react with 
a 4-iodobiphenyl derivative (9) in a molar ratio of 1:2 in the same manner as described above. 

Further a phenanthrylenediamine derivative represented by the general formula (21 ) is synthesized by the follow- 
ing reaction scheme: " ; . 



O H 

ii n 
H 3 C-C-N 




,N-C-CH 3 
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(12 ) 



+ 




wherein R 1 , a and b are the same as described above. 

Specifically. N.N'-diacetyl-QJO-phenanthrylenediamine and an iodobenzene derivative (10) in a molar ratio of 1 :2 :* ! 
are mixed with copper, copper oxide or a copper halide, and allowed to react in the presence of a basic substance to y v ; 
give an intermediate reaction product (11). In turn, the intermediate reaction product (11) is allowed to react in a suitable 
solvent containing hydrochloric acid to give a deacetylated intermediate product (12), which is then allowed to react '; / 
with a 4-iodobiphenyl derivative (1 3) in a molar ratio of 1 :2 in the same manner as described above. 

The aforesaid phenanthrylenediamine derivatives according to the present invention can be suitably used as an 
electric charge transferring material, particularly as a hole transferring material in such applications as solar batteries: 
electroluminescent devices, electrophotosensitive materials and the like, and utilized in other various fields. 

The electrophotosensitive material according to the present invention will hereinafter be described in detail. * . 
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The electrophotosensitive material of the present invention comprises a photosensitive layer provided on a con- 
ductive substrate and containing one or more phenanthrylenediamine derivatives represented by the general formula 
(1). The photosensitive layer may be of a so-called single-layer type or of a so-called multi-layer type in accordance 
with the present invention. 

For formation of the single-layer photosensitive layer, a phenanthrylenediamine derivative represented by the gen- 
eral formula (1 ) as an electric charge transferring material: an electric charge generating material, a binding resin and 
the like are dissolved or dispersed in a suitable solvent, and then a coating liquid thus prepared is applied on the 
conductive substrate by a coating method or the like, and dried 

For formation of the multi-layer photosensitive layer an electric charge generating layer containing an electric 
charge generating material is first formed on the conductive substrate by vapor deposition, application of a coating 
liquid containing the electric charge generating material and a binding resin, or a like method. Then, an electric charge 
transferring layer is formed by applying a coating liquid containing a phenanthrylenediamine derivative represented by 
the general formula (1 ) as an electric charge transferring material and a binding resin on the electric charge generating 
layer by a coating method or the like, and drying the coating liquid To the contrary the electric charge transferring 
layer may be first formed on the conductive substrate and then the electric charge generating layer may be formed 
thereon, i: 

Examples of the electric charge generating material include, though not limited thereto, powdery inorganic photo- 
conductive materials such as selenium, seleniumtellurium. selenium-arsenic, cadmium sulfide, a-silicon: anthanthfone 
pigments, triphenylmethane pigments, therene pigments, toluidine pigments, pyrazoline pigments, quinacndone pig- 
ments, and compounds represented by, the general formulae (CG1) to (CG12): 

(CG1) Metal-free phthalocyanine pigment (PcH 2 ) . • 
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(CG1) 

(CG2) Titanylphthalocyanine pigment (PcTjO) - 
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(CG3) Perylene pigment 




(CG3) 

wherein R 70 and R 71 are the same or different and each represents an alkyl group having not more than 1 8 carbons 
and optionally having a substituent. a cycloalkyl group, an aryl group, an alkanoyf group or an aralkyl group. 

(CG4) Bis-azo pigment 

• A 1 -N=N-X-N=N-A 2 , (CG4) 

wherein A 1 and A 2 are the same or different and each represents a coupler residue: and X represents 




wherein R 72 represents a hydrogen atom, a alkyl group optionally having a substituent, an aryl group optionally 
having a substituent, or a heterocyclic group: and n represents 0 or 1 . 
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wherein R 73 and R 74 are the same or different and each represents a hydrogen atom, an alkyl group having 1 to 
5 carbons, a halogen atom, an alkoxy group, an aryl group or an aralkyl group. 

20 




wherein R 75 represents a hydrogen atom, an ethyl group, a chloroethyl group or a hydroxyethyl group, 

45 , 
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wherein R 78 R 77 arid R 78 are (he same or different and each represents a hydrogen atom, an alkyl group having 
1 to 5 carbons, a halogen atom an alkoxy group, an aryl group or an aralkyl group . , _ 

(CG5) Dithioketopyrrolopyrrole pigment 




,80 



( CG5 ) 

wherein R 79 and R 80 are the' same or different and each represents a hydrogen atonrv an alkyl group, an alkoxy 
group or a halogen atom: R 81 and R 82 are the. same or different and each represents a hydrogen atom, an alkyl. 
group or an aryl group. 



(CG6) Metal-free naphthalocyanine pigment 
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(CG6) . \ \ 

wherein FR R84 R85 an d FP* are the same or different. and each represents a hydrogen atom, amalkyl. group, 
an alkoxy group or a halogen atom. - ** 

(CG7) Metal naphthalocyanine pigment : > 
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. wherein R 87 : 'R 88 i R 89 and R 90 are the same or different and each represents a hydrogen atom, an alkyl group, 
an alkoxy group or a halogen atom: and M represents Ti or V. , 
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- (CG8) 5 Squaraine pigment \ 
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O- R 92 



50 



(CG8) 



55 



wherein R 91 and R 92 are the same or different and each represents a hydrogen atom, an alkyl group, an alkoxy 
group or a halogen atom. < 



(CG9) tris-azo pigment 
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Cp 3 -N=N 




N=N-Cp 2 



(CG9) 



20 wherein Cp^ Cp 2 and Cp 3 are the same or different and each represents a coupler residue. 

(CG10) Indigo pigment • « " • 
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wherein R 93 and R 94 are the same or different and each represents a hydrogen atom, an alkyl group or an aryl 
group: and Z represents an oxygen atom or a sulfur atom. 

(CG 1 1 ) Azulenium pigment 
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(CG11 ) 
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wherein R 95 and R 96 are the same or different and each represents a hydrogen atom, an alkyl group or an aryl group. 
(CG12) Cyanine pigment ; ■ : . 



5 




(CG12) 

wherein R 97 and R 98 are the same or different and each represents a hydrogen atom, an alky) group, an alkoxy 
20 group or a halogen atom: and R" and R 100 are'the same or different and each represents a hydrogen atom, an , 

alkyl group or an aryl group ; ■ . ( ' 

In the aforesaid exemplary electric charge generating materials, examples of the alkyl groups include those as 
previously described. Examples of the alkyl groups having 1 to 5 carbons include the aforesaid exemplary alkyl groups _ 
25 having 1 to 6 carbons, except a hexyl group: Examples of the alkyl group having not more than 1 8 carbons and optionally 1 
having a substituent include, in addition to the aforesaid alkyl groups having 1 to 6 carbons, an octyl group, a nonyl 
group. :a decyl group, a dodecyi group, a tridecyl group, a pentadecyl group, an octadecy I group and the like. Examples,; 
of the cycloalkyl group include those having 3 to 8 carbons such as a cyclopropyl group, a cyclobutyl group, a cyclopentyl 
group, a cyclohexyl group, a cycloheptyl group and a cyclooctyl group. Examples of the alkoxy groups and the aryl 
30 groups include those as previously described. Examples of the aralkyl groups include those having a 1 - to 6-carbon ' v 
. alkyl group such as a benzyl group, a benzhydryl group, a trityl group and a phenethyl group Examples of the alkanoyl -* 
group include a formyl group, an acetyl group a propionyl group: a butyryl group, a pentanoyl group and a hexanoyl 
group Examples of the heterocyclic group include a thienyl group, a pyrrolyl group, a pyrrolidinyl group, an oxazolyl 
group, an isoxazolyl group, a thiazolyl group, an isothiazolyl group, an imidazolyl group, a 2H-imidazolyl group, a 
35 pyrazolyl group, a triazolyl group, a tetrazolyl group, a pyranyl group, a pyridyl group, a piperidyl group, a piperidino 
group; a 3-morpholinyl group and a morpholino group. The heterocyclic group may be condensed with an aromatic ring. 
Examples of the optional substituents include halogen atoms, an amino.group. a hydroxyl group, a carboxyl group ; 
;V * optionally esterified, a cyano group, alkyl groups having 1 to 6 carbons, alkoxy groups having 1 to 6 carbons, alkenyl >. 
' " groups having 2 to 6 carbons and optionally having an aryl group \ 
-to Examples of the coupler residues represented by A 1 , A 2 . Cp t . Cp 2 and Cp 3 include groups represented by the 

following general formulae (51 ) to (57). ■■ , . ' ' 
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(56) 
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In the foregoing general formulae. R 120 represents a carbambyfgroup. a sulfamoyt, group, an allophanoyl group. 
' an oxamoyl group ; an anthraniloyl group, a carbazoyl group, a glycyl group, a hydantoyl group, a phthalamoyi group 
or a succinamoyi group. These groups may each have a substituent such as a halogen atom, a phenyl group optionally 
having a substituent, a naphthyl group optionally haying a substituent. a nitro group, a cyano group, an alkyl group, 
an alkenyl group, a carbonyl group or a carboxyl group. V, * 

R 121 represents an atomic group which is required to form an aromatic ring, a polycyclic hydrocarbon or a hete- 
rocyclic ring by condensation with the benzene ring. These rings may each have any of the aforesaid substituents. 

R 122 represents an oxygen atom, a sulfur atom or an imino group. 

R 123 represents a divalent chain hydrocarbon group or an aromatic hydrocarbon group. These groups may each 
have any of the aforesaid substituents. 

R 124 represents an alkyl group, an aralkyl group, an aryl group or a heterocyclic group. These groups may each- 
have any of the aforesaid substituents. 

R 125 represents a divalent chain hydrocarbon group, an aromatic hydrocarbon group or an atomic group which is 
required to form a heterocyclic ring cooperatively with a portion of the aforesaid general formula (55) or (56) represented 
by the formula (58) and optionally has any of the aforesaid substituents. . . . - 



55 
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(58) 



R'26 represents a hydrogen atom, an alkyl group, an amino group, a carbamoyl group, a sulfamoyl group, an 
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' ailophanoyl group ; a carboxyl group, an alkoxycarbonyl group an aryl group or a cyano group these groups except 
the"hydrogen"atom"may*each"have~any^of:the~aforesaicl*substituents. . 

R 127 represents an alkyl group or an aryl group. These groups may each have any of the aforesaid substituents. 
Examples of the alkenyl groups include those having 2 to 6 carbons such as a vinyl group, an allyl group, a 2-butenyl 
group, a 3-butenyl group, a 1-methylallyl group a. 2-pentenyl group and a 2-hexenyl group 

In the group R 121 ; examples of the atomic group required for the formation of the aromatic ring by the condensation 
with the benzene ring include alkylene groups such as a methylene group, an ethylene group, a propylene group and 
a butylene group ' 

Examples of the aromatic ring to be formed by the condensation of the group R 121 with the benzene ring include 
..a naphthalene ring, an anthracene. ring. .a phenanthrene ring, a pyrene .ring..a chrysene ring and a naphthacene ring. 

In the group R 1 21 examples of the atomic group required for the formation of the polycyclic hydrocarbon by the 
condensation with the benzene ring include alkylene groups having 1 to 4 carbons such as a methylene group, an 
^~et hy I e rv e'grou p ra~p ropy I en e~g rou p~and~a~ b u ty lene g rou p: " ' z ~ * ; " 

In the group R ;21 : examples of the atomic group required for the formation of the polycyclic hydrocarbon by the 
condensation with the benzene ring further include a carbazole ring, benzocarbazole rings and a dibenzof uran ring. 

In the group R 121 , examples of the atomic group required for the formation of the heterocyclic ring by the conden- 
sation with the benzene ring include a benzofuranyl group, a benzothiophenyl group, an indolyl group, a IH-indolyl 
, group, a benzoxazolyl group, a benzothiazolyl group, a IH-indadolyt group, a benzimidazolyl group, a chromenyl group, 
a chromanyl group, an isochromanyl group, a quinolinyl group, an isoquinqlinyl group, a cinnolinyl group, a phthalazinyl 
group, a quinazolinyl group, a quinoxalinyl group, a dibenzofuranyl group, a carbazolyl group, a xanthenyl group, an 
acridinyl group, a phenanthridinyl group, a phenazinyl group, a phenbxazinyl group and a thianthrenyl group. 

Examples of the aromatic heterocyclic group to be formed by the condensation of the group R 121 with the benzene 
ring include a thienyl group, a furyl group, a.pyrrolyl group, a oxazolyl group an isoxazolyl group, a thiazolyl group, an 
isothiazolyl group and an imidazolyl group, a pyrazolyl group, a triazolyl group, a tetrazolyl group and a pyridyl group 
These groups may be condensed with another aromatic group to form heterocyclic groups (e.g.. benzofuranyl group, 
benzimidazolyl group, a benzoxazolyl group, a benzothiazolyl group and a quinolyl group). 

In the groups R 123 and R 125 : examples of the divalent chain hydrocarbon include an ethylene group, a propylene 
group and a butylene group, and examples of the divalent aromatic hydrocarbon include a phenylene grpup, a naph- \„ \ 
thylene group and a phenanthrylene group. . . . r . . * 

In the group R 124 examples of the heterocyclic group include a pyridyl group, a pyrazyl group, a thienyl group, a ? 
pyranyl group and an indolyl group. ' . . ■' • " 

In the group R 125 , examples of the atomic group required to form the heterocyclic ring cooperatively with the portion 
represented by the formula (58) include a phenylene group, a naphthylene group, a phenanthrylene group, an ethylene ■ 
group, a propylene group and a butylene group. 

Examples of the aromatic heterocyclic group to be defined by the group R 125 and the portion represented by the \ 
* formula (58) include a benzimidazole group, a benzo[f]benzimidazole group, a dibenzo[e.g]benzimidazole group.and 
" a benzopyrimidine group. These groups may each have any of the aforesaid substituents. 

\ In the' group' R 126 , examples of the alkoxycarbonyl group include a methoxycarbonyl group, an ethoxycarbonyl 
group, a propoxycarbonyl group and a butoxycarbonyl group . 

These electric charge generating materials may be used either alone or in combination in accordance with the 
sensitivity rangfiuof4he-electrophotosensittve material.. 

Exe(rfpiary electric charge^generating materials suitable for an organic photosensitive material having a sensitivity 
wavelen gthTraTTCJP uf yQ^^o r^eateHnclude phthalocyanine pigments such as X-type metal-free phthalocyanine and \ ' 
oxotitanylphthalocyanine An electrophotosensitive material employing any of these phthalocyanine pigments as the 
electric charge generating material and the phenanthrylenediamine derivative of the present invention represented by 
the general formula (1 ) as the electric charge transferring material is highly sensitive in the aforesaid wavelength range, 
and can be suitably used in image forming apparatuses with a digital optical system such as a laser beam printer and 
a facsimile machine. 

Exemplary electric charge generating materials suitable for an organic photosensitive material which is highly \ 
sensitive in the visible range include azo pigments and perylene pigments. An electrophotosensitive material employing7- * - ; 
any of these pigments as the electric charge generating material and the phenanthrylenediamine derivative of the 
present invention represented by the general formula (1 ) as the electric charge transferring material is highly sensitive 
in the visible range, and can be suitably used in image forming apparatuses with an analog optical system such as an 
electrostatic copying machine. \v > 

The phenanthrylenediamine derivative represented by the general formula (1) can be used alone as the electric . 
charge transferring material or, alternatively, may be used in combination with other electric charge transferring mate- 
rials. ' " • ' 

Such other electric charge transferring materials include various electron transferring materials and hole transfer- 
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ring materials. Examples of the electron transferring materials include compounds represented by the general formulae 
(ET.1) to (ET14): 



w 




(ET1). 



IS 



wherein R 17v : R 172 R 173 and R 174 are the same or different and each represents a hydrogen atom, an alkyl group 
optionally having a substituent, an alkoxy group optionally having a substituent. an aryl group optionally having a 
substituent. an aralkyl group optionally having a substituent. a eye loa Iky I group optionally having a substituent, or a 
amino group optionally having a substituent: and two of the groups R 171 . R 172 Rl 73 and R' 74 are the same: 



•20 



25 



30 



3S~ 



144 




(ET2) 



Vno, 



wherein R 142 , R 143 R 144 R 145 and R 146 are the same ordifferent and each represents a hydrogen atom, an alkyl group 
optionally having a substituent, an alkoxy group optionally having a substituent. an aryl group optionally having a 
substituent, an aralkyl group optionally having a substituent, a phenpxy group optionally, having a substituent, or a 
halogen atom: 



40 



45 



SO 



(0 2 N) 




( ET3 ) . 



147 



.55 



wherein R 147 represents an alkyl group: R 148 represents an alkyl group optionally having a substituent. an alkoxy group 
optionally having a substituent, an aryl group optionally having a substituent, an aralkyl group optionally having a 
substituent, or a halogen atom; cu represents an integer f rom'O to 4: y represents ah intege? from 0 to 5: and if.y is 2 or 
greater, the groups R 148 may be different from each other: 



29 

BNSOOCtD- <EP 0757036 A1_l_> 



iP 0757 035 A 1 



.l.Q . 




wherein R l49 ~and~R 150 are the same or different a nd'each represents an alkyl group: i> represents ah integer frorfTl 
to 4: e represents an integer from 0 to 4: and if 6 or t is 2 or greater the groups R 149 or R 150 may be different from 



is each other; 



20 




25 



N 



fN0 2 ) s 



v. 




30 



(ET5) 

wherein R 151 represents an alkyl group; an aryl group, an aralkyl group, an alkoxy group or a halogen atom: £ represents 
35 an integer from 0 to 4; r| represents an integer from 0 to 5: and if ii is 2 or greater, the groups R 1 51 may be different 
from each other: : • 



40 




45 



( ET6 ) 



wherein H is an integer from 1 to 2: 
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wherein R 152 represents an aJkyl group: a represents an integer from 1 to 4; and if o is 2 or greater the groups R 152 
may'be different from each other: . 



15' 



20 



,153 



25 




154 



wherein R 153 and R 1 54 are the same or different and each represents a hydrogen atom, a halogen atom, an alkyl group, 
an aryl group, ara'lkyloxycarbonyl group, an alkoxy group, a hydroxyl group, a nitro group or a cyano group; and X 
30 represents an oxygen atom, or a group of N-CN or C(CN) 2 : 



35 



R 



155 



40 




. ( ET9 ) 

wherein R 155 represents a halogen atom, an alkyl group or a phenyl group optionally having a substituent: R 156 rep- 
•*s resents a hydrogen atom, a halogen atom, an alkyl group optionally having a substituent, a phenyl group optionally 
having a substituent. an alkoxycarbonyl group, an N-alkylcarbamoyl group, a cyano group or a nitro group: k represents 
an integer from 0 to 3: and if X is 2 or greater the groups R 156 may be different from each other? 



50 



- 55 




(ET10) 
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wherein R 1 57 represents an alkyl group optionally having a substituent. a phenyl group optionally having a substituent. 
~a~halogen~alom~an' J aikoxycarbonyl~groupra^ 

an integer from 0 to 3: and if u is 2 or greater, the groups R 157 may be different. from each other: 



10 



15 



20 



25 




TET1T)- 



wherein R 158 and R 1 59 are the same or different and each represents a halogen atom, an alkyl group optionally having 
a substituent. a cyano group : a nitro group or an alkoxycarbonyl group; v and ^ each represent an integer from 0 to 3: 
and if v or I is 2 or greater, the groups R 158 or R 159 may be different from each other: 



CN 

R i60_c=cH-R 161 



( ET12 ) 



wherein R 160 and R 161 are the same or different and each represents a phenyl group, a polycyclic aromatic group or 
a heterocyclic group, which optionally has a substituent: ; 



30 



35 



4 (r 162 )* 




CH=C 



(ET13) 




40 



45 



SO 



wherein R 162 represents an amino group, a dialkylamino group, an.alkoxy group, an alkyl group or a phenyl group: n 
represents an integer from 1 to 2: and if k is 2. the groups R 162 may be different from each, other: . . 




(ET14) 



163 



"55 



wherein R 1 63 represents a hydrogen atom; an alkyl group, an aryl group ; an alkoxy group or an aralkyl group. 

Examples of the electron transferring material further include malononitrile, thiopyran compounds, tetracyanoeth- 
ylene, 2A 8-trinitrothioxanthone. dinitrobenzene, dinitroanthracene ; dinitroacridine. nitroanthraquinone, dinitroan- 
thraquinone, succinic anhydride, maleic anhydride and dibrdmomaleic anhydride. 
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In the aforesaid exemplary electron transferring materials, the examples of the alkyl groups, the alkoxy groups, 
the aryl groups, the aralkyl groups, the heterocyclic group and halogen atoms include those previously described. 
Examples of the polycyclic aromatic group include a naphthyl group, aphenanthryl group and an anthryl group. The 
examples of the optional substituents include those previously described. 

5 Other exemplary electron transferring materials include electron attractive materials such as benzoquinone com- 

pounds, malononitrile. thiopyran compounds, tetracyanoethylene. tetracyanoquinodimethane. chloranil. bromanil. 
2,4.7-trinitro-9-dicyanomethylenefluorenone. 2.4.5. 7-tetranitroxanthone. 2 : 4 : 8-trinitrothioxanthone. dinitrobenzene. 
dinitroanthracene. dinitroacridine, nitroanthraquinone. dinitroanthraquinone. succinic anhydride, maleic anhydride and 
dibromomaleic anhydride, and polymeric materials obtainable by polymerization of any of these electron attractive 

'0 materials. ' * 

Examples of the hole transferring material include compounds represented by the general formula (HT1 ) to (HT12): 



15 



20. 



25 




(HT1) : 

wherein R 8 . R 9 ; R 10 . R 11 . R 12 and R 13 are the same or different and each represents a halogen atom, an alkyl group 
optionally having a substituent. an aikoxy group optionally.having a substituent, or an aryl group optionally having a' 
substituent: a and b are the same or different and each represents an integer from 0 to 4: c, d : e and f are the same 
or different and each represents an integer from 0 to 5; and if a. b. c. d. e or f is 2 or greater, the groups R 8 R 9 . RV°. 
R 11 . R 12 or R 13 may be different from each other: 



40 



45 




: < HT2) 

wherein R 14 , R 15 , R 16 , R 17 and R 18 are the same or different and each represents a halogen atom, an alkyl group 
optionally having a substituent, an alkoxy group optionally having a substituent, or an aryl group optionally having a : 
substituent; g, h, i and j are the same or different and each represents an integer from 0 to 5: k represents an integer 
from 0 to 4;'andif g, hri, j or k is 2 or greater, the groups* R 14 7 R 15 . R 16 ; R 17 or R 18 may bedlfferent from each other: 
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(R 19 ) m i- 



(R 20 )df 




(R 23 ) 



IS 



20 



(HT3) 

wherein R 19 . R 20 . R 21 and R 22 are the same or different and each represents a halogen atom, an alkyl group optionally 
having a substituent. an alkoxy group optionally having a substituent. or an aryl group optionally having a substituent; 
R 23 represents a hydrogen atom, a halogen atom, a cyano group, a nitro group! an alkyl group optionally having a 
substituent. an alkoxy group optionally having a substituent. or an aryl group optionally having a substituent: m. n. o 
and p are the same or different and each represents an integer from 0 to 5: q represents an.integer from CUo 6: and if 
m : n; o. p or q is 2 or greater, the groups R 19 . R 2 9 : R 21 . R 22 or R 23 may be different from each other; ~ 



.25 



30 



35 



40 




C=CH-CH=C 



( HT4 ) 



30 




31 



N-R 
R 33 



32 



wherein R 28 and R 29 are.the same or different and each represents a hydrogen atom, a halogen atom, an alkyl group 
•*s or an alkoxy group: and R 30 . R 3 ', R 32 and R 33 are the same or different and each represents a hydrogen atom, an 
alkyl group or an aryl group: " • • 



so 



ss 



34 
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wherein R 34 . R 35 and R 36 are the same or different and each represents a hydrogen atom, a halogen atom, an alkyl 
group or an alkoxy group: 




so 

(HT7) 

wherein R 41 , R 42 , R 43 , R 44 and R 45 are the same or different and each represents a hydrogen atom, a halogen atom, 
55 an alkyl group or an alkoxy group: -- - ■ - 
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rs 



(HT8 ) 



wherein R 46 represents. a hydrogen atom or an alkyl group: R 47 R 48 and R 49 are the same or different and each 
represents a hydrogen atom, a halogen atom, an alkyl group or an alkoxy group; 



20 



25' 



30 




,CH=N-N 



(HT9) 



35 



»51 




: wherein R 50 . R 51 and R 52 are the same or different and each represents a hydrogen atom, a halogen atom, an alkyl 
group or an alkoxy group - , ' : - . . • ' . 1 *. 



40 



,53 



45 




C=CH-f V- 



R 



55 



N 



so 



,54 



( HT10 ) 



55 wherein R 53 and R 54 are the same or different and each represents a hydrogen atom, a halogen atom, an alkyl group ' 
optionally having a substituent, or an alkoxy group optionally having a substituent: R 55 and R 56 are the same or different 
and each represents a hydrogen atom ; an alkyl group optionally having a substituent, or an aryl group optionally having 



a substituent: 
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(R 58 )w 



(R 59 )x 




CH=CHK >~N 



15 



(HT11 ) 



wherein R 57 R58, r59 p60 r6i and p62 are tne same or different and each represents an alkyl group-optionally having 
a substituent an alkoxy group optionally having a substituent. or an aryl group optionally having a substituent: a rep- 
resents an integer from 1 to 10: v. w, x. y : z and |J are the same or different and each represents 0 to 2: and if v, w. x. 
20 y . 2 or .|i is 2. the groups R 57 . R 58 . R 59 . R 60 . R 61 or R 62 may be different from each other: 



25 



30 




35 



G=CH-Ar-CH=N-N 



(HT12) 




R' 



65 




,66 



wherein R 63 R 64 . R 65 and R 66 are the same or different and each represents a hydrogen atom, a halogen atom, an 
alkyl group or an alkoxy group: and Ar represents the following group Ar1, Ar2 or Ar3 ,. 



40 



4S 




(Art ) 



50 



f~\ 



(Ar2) 



55- 
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(Ar3 ) 



In the aforesaid exemplary hole transferring materials, examples of the alkyl groups include those previously de- 
scribed. Examples of the alkoxy groups include those having 1 to 6 carbons such as a methoxy group, an ethoxy group, 
a n-propoxy group, an isopropoxy group, a n-butoxy group, an isobutoxy group, a s-butoxy group, a t-butoxy group, a 
:W __pentyloxy group.and.a.hexyloxy group . Examples.of the.aryLgroupsJnclude a.phenyl group. ,a4olyl. group, a xylyl groups 
- >a biphenyl group, an o-terphenyl group, a naphthyl group, an anthryl group and a phenanthryl group. Examples of the 
; ! ■ halogen atoms include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 

^E^^pi es -Qf- t ^ e ^^ atoms, an amino group, a "hydroxy l~group : a carboxyfgroup ~ 

optionally esterified. a cyano group, alkyl groups having 1 to. 6 carbons, .alkoxy groups having 1 to 6 carbons, and 
'5 , alkenyl groups having 2 to 6 carbons and optionally having an aryl group. The positions for substitution are not partic- 
ularly limited. 

Other exemplary hole transferring materials include electron donative materials such as condensed polycyclic 
compounds and nitrogen-containing cyclic compounds, e.g. , diazole compounds such as 2,5-di(4-methylaminophenyl)- 
1.3.4-oxadiazole, sty ryl compounds such as 9-(4-diethylaminostyryl) anthracene, carbazole compounds such as pol- 
20 yvinyl carbazole. pyrazolone compounds such as 1 -phenyl-3-(p-dimethylaminophenyl)pyrazoline. hydrazone com- 
■ " \ pounds, triphenylamine compounds, indole compounds; oxazole compounds, isoxazole compounds, thiazole com- 
pounds, thiadiazole compounds, imidazole compounds, pyrazole compounds and triazole compounds. 

These electric charge transferring materials may be used either alone or in combination * Where an electric charge 
transferring^material having a film-forming property such as polyvinyl carbazole. the binding resin is not necessarily, 
25 required: ' . • V 

Examples of the binding resin to be used together with the electric charge generating material or the electric charge 
■ transferring material include thermoplastic resins such as styrene polymer, styrene-butadiene copolymer, styreneacry- • 
* -lonitrile copolymer.* styrene-maleic acid copolymer, acrylic polymer; styrene-acrylic copolymer polyethylene. -ethylene- 
; vinyl acetate copolymer: chlorinated polyethylene, polyvinyl chloride, polypropylene, vinyl chloride-vinyl acetate copol- 
30 ymer polyester, alkyd resin, pblyamide. polyurethane. polycarbonate polyallylate, polysulfone. diallyl phthalate resin 
ketone resin . polyvinyl butyral resin and polyether resin: crosslinking thermosetting resins such as silicone resin; epoxy 
resin phenol resin, urea resin and melamine resin; and photosetting resins such as epoxy -aery late and urethane- 
acrylate. These binding resins may be used either alone or in any combination. 

The photosensitive layer may contain any of various additives such a sensitizer, a fluorene compound, an ultraviolet 
3$ absorber, a plasticizer. a surfactant and a leveling agent in addition to the aforesaid respective components. To improve 
the sensitivity of the photosensitive material, a sensitizer such as terphenyl. halonaphthoquinone oracenaphthylene 
- 1 may be used in combination with the electric charge generating material. 

For the multi-layer photosensitive material, the electric charge generating material and the binder resin constituting 
* the electric charge generating, layer may be used in various proportions, but it is preferred that 5 to .1,000 parts by 
•w weight, particularly 30 to 500 parts by weight, of the electric charge generating material is used with respect to 100 
parts by weight of the binding resin 

The electric charge transferring material and the binding resin constituting the electric charge transferring layer 
may be used in various proportions within such a range as not to prevent the transportation of electric charge and as 
to prevent the crystallization. It is preferred that 10 to 500 parts by weight, particularly 25 to 200 parts by weight, of the 
4 5 electric charge transferring material containing the phenanthrylenediamine derivative represented by the general for- 
mula (1) is used with respect to 100 parts by weigh of the binding resin to facilitate the transportation of electric charge 
generated in the electric charge generating layer under light irradiation Where the phenanthrylenediamine derivative 
represented by the general formula (1 ) is used alone as the electric charge transferring material, the aforesaid propor- 
tion of the electric charge transferring material means the content of the phenanthrylenediamine derivative. ' 
50 The thickness of the multi-tayer photosensitive layer is preferably such that the electric charge generating layer is 

formed in a thickness of about 0.01 to 5um particularly about 0.1 to 3urrv and the electric charge transferring layer is 
formed in a thickness of about 2 to 100pm, particularly about 5 to 50um. 

For the single-layer photosensitive material, it is preferred that 0.1 to 50 parts by weight, particularly 0.5 to 30 parts 
by weight, of the electric charge generating material and 20 to 500 parts by weight, particularly 30 to 200 parts by^ 
•55 weight, of the electric 1 charge transferring material containing the phenanthrylenediamine derivative represented by 
the general formula (1) are used with respect to 100 parts by weight of the binding resin. Where the phenanthrylene- 
diamine derivative represented by the general formula (1) is used alone as the electric charge transferring material, 
the aforesaid proportion of the electric charge transferring material means the content of the phenanthrylenediamine 
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derivative. . 

The single-layer photosensitive layer is preferably formed in a thickness of about 5 to lOOum. particularly about 
about 10 to 50um. . 

A barrier layer may be formed between the conductive substrate and the photosensitive layer in the single-layer 
5 photosensitive material, or between the conductive substrate and the electric charge generating layer, between the 
conductive substrate and the electric charge transferring layer or between the electric charge generating layer and the 
electric charge transferring layer in the multi-layer photosensitive material, as long as the characteristics of the photo- 
sensitive material are not deteriorated. Further a protective layer may be formed on the surface of the photosensitive 
material. . * f . , 

to Various conductive materials can be used as a material for the conductive substrate to be formed with the aforesaid 

respective layers thereon. Examples thereof include metals such as aluminum, copper tin. platinum.- silver, iron, va- 
nadium, molybdenum, chromium, cadmium, titanium, nickel, palladiunrv indium, stainless steel and brass: plastic ma- 
terials vapor-deposited or laminated with the aforesaid metals: and glass materials coated with aluminum iodide, tin 
oxide, indium oxide and the like.- 
; 5 The conductive substrate may be made in a sheet form or a drum form in accordance with the construction of an 

image forming apparatus to be used therewith. The substrate itself may be conductive or alternatively, only the surface 
of the substrate may be conductive. The conductive substrate preferably has a sufficient mechanical strength when 
used. . ', ' . . . 

When the aforesaid respective layers are to be formed by a coating method, the electric charge generating material, 
the electric charge transferring material, the binding resin and the like respectively selected from.the aforesaid examples 
' may be mixed and dispersed in a suitable solvent by a' known method, for example, using a roll, mill, a ball mill, an 
atriter: a paint shaker a supersonic dispenser or the like to prepare a coating liquid, which is applied by a known means 
and then dried. ' ' 

Usable as the solvent for the preparation of the coating liquid are various organic solvents . Examples thereof '«> 
25 include alcohols such as methanol, ethanol, isopropanol and butanol: aliphatic hydrocarbons such as n-hexane. octane 
and cyclohexane: aromatic hydrocarbons such as benzene, toluene and xylene: halogenated hydrocarbons such as 
dichloromethane. dichloroethane, carbon tetrachloride and chlorobenzene: ethers such as dimethyl ether diethyl ether, ; .,. 
tetrahydrofuran, ethylene glycol dimethyl ether and diethylene glycol dimethyl ether: ketones such as acetone, methyl t ^ 
ethyl ketone and'cyclohexanohe: esters such as ethyl acetate and methyl acetate; and dimethylformaldehyde. dimeth- / & 
30 ■ ylformamide and dimethylsulfoxide. These solvents may.be used either alone or in combination. - . - ■ '; - " 

A surfactant, a leveling agent and the like may be added to the coating liquid to improve the dispersibility of the 
electric charge transferring material and electric charge generating material as well as the smoothness of the surface 
•" of the photosensitive layer 

As described above, the phenanthrylenediamine derivative of the present invention has a high electric charge ,* 
■ transferring capability and is excellent in the compatibility with a binding resin and the stability. Accordingly, the phen- 
* anthrylenediamine derivative can be 'suitably used as an electric charge transferring material, particularly as a hole I 
transferring material in such applications as solar batteries, electroluminescent devices: electrophotosensitive mate- 
rials and the like. / - 

Further, the electrophotosensitive material of the present invention, which comprises a photosensitive layer con- 
taining the aforesaid phenanthrylenediamine derivative as the electric charge transferring material, is superior in the 
sensitivity characteristics and the durability to the conventional electrophotosensitive materials, thereby contributing 
to improvements in the performance and operating speed of image forming apparatus such as electrostatic copying 
machines and laser beam printers. 

J5 EXAMPLES ' -1 

The present invention will hereinafter be described by way of Synthesis Examples, Examples and Comparative 
- Examples. ■ * 

50 Synthesis of phenanthrylenediamine derivatives - v.. ' V 

Synthesis Example 1: Synthesis of N.N'-bis(4-biphenvlvn-N.N'-diphenvl-9.10-phenanthrylenediamine - 



40— 



55 



First. 29.2g of N.N'-diacetyl-9,10-phenanthrylenediamine. 40.8g of iodobenzene. .27. 6g of potassium carbonate 
and 2g of copper powder were added in-300ml of nitrobenzene: arid the mixture was refluxVd'in a'nitrogen atmosphere 
under vigorous stirring for 24 hours. Water produced during the reaction was removed out of the; reaction system by 
azeotropic distillation with nitrobenzene. 

'After the reaction solution was cooled, the inorganic substances were filtered off. .and then nitrobenzene was 
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distilled away by steam distillation The obtained residue was added in 200ml of tetrahydrofuran together with 50ml of 
— ^rTO°'ohydrochlortc acidrThe mixture was deacetylated by refluxing for ^ hours togive NTN'-diphenyl-QHO-phenanthrylen- 
ediamine. . . " ■ 

In turn. 18.0g of the compound thus obtained. 27. 9g of 4-iodobiphenyl. 27 6g of potassium carbonate and 2g of 
s copper powder were added in 300ml of nitrobenzene/and the mixture was refluxed in a nitrogen atmosphere under 
vigorous stirring for 24 hours. Water produced during the reaction was removed out of the reaction system by azeotropic 

distillation with nitrobenzene. - - 

After the reaction solution was cooled, the inorganic substances were filtered oft., and then nitrobenzene was 
distilled away by steam distillation. The obtained residue was dissolved in cyclohexane. and purified by way of silica 
\io _'gel co I u mn c h romatog raphy. I n L t u rn /cyclohexane was_di st i I led a way to g iy ea w hite precipi t a t e, wh jch was_ r ec rystal I ized 
from n-hexane to give the objective compound represented by the formula (2-1) (14.3g ; yield: 21.1%). 
The results of the elemental analysis of the compound are shown below. 



15 ' . 


Elemental analysis (%) 


Calculated 


C: 88.70 


H:.7.15 


N: 4.14 




Found 


C: 88.61 


H: 7.19 


N: 4 02 



Synthesis Example 2: Synthesis of N.N'-bisf4-(4'-isopropyl) biphenylyll-N N'-di(4 : methvlphenvl)- 
20 9.10-phenanthrylenediamine 

The objective compound represented by the formula (2-3)(15.5g, yield: 20.1%) was obtained in substantially the 
same manner as in Synthesis Example 1. except that 43. 5g of 4-iodotoluene was used instead of iodobenzene and 
32.2g of-4-isopropyl-4'-iodpbiphenyl was used instead of 4-iodobiphenyl. 

25 ' • • • '■ . * - . .' 

Elemental analysis (%) 



30 : Calculated . \ „ C: 89.60. H: 6,75 N: 3.61- 

Found C: 89.55 H: 6.79 N: 3.59 

35 Synthesis Example 3: Synthesis of N.N'-b1sf4-(4'-ethvl) biphenylyl1-N.N'-di(4-methylphenyl)- 
9. 1 0-phenanthrylenediamme 

The objective compound represented by the formula (2-5) (1 3. 6g. yield: 18.2%) was obtained in substantially the 
same manner as in Synthesis Example 1 . except that 4-iodotoluene was used instead of iodobenzene and 4-ethyl-4'- 
40 iodobiphenyl was used instead of 4-iodobiphenyl. ' • . . 





Elemental analysis {%) 




Calculated 


C: 89.79 


H: 6 46 


N: 3.74 


45 


Found 


C: 89.80 


H: 6 39 


N: 3 77 



Synthesis Example 4: Synthesis of N ; N.N'.N'-tetrakis(4-biphenvlyl)-9. 10-phenanthrylenediamine 

First. 20. 8g of 9.10-phenanthrylenediamine. 112. Og of 4-iodobiphenyl. 27. 6g of potassium carbonate and 2g of 
copper powder were added in 300ml of nitrobenzene, and the mixture was refluxed in a nitrogen atmosphere under 
vigorous stirring for 24 hours. Water produced during the reaction was removed out of the reaction system by azeotropic 
distillation with nitrobenzene. 

After the reaction solution was cooled, the inorganic substances were filtered off. and then nitrobenzene was 
distilled away by steam distillation. The obtained residue was dissolved in cyclohexane ; and purified by way of silica 
gel column chromatography. In turn, cyclohexane was distilled away to give a white precipitate, which was recrystallized 
from n-hexane to give the objective compound represented by the formula (3-1 ) (23.9g, yield: 29.2%). 



so 
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Elemental analysis {%) 




Calculated 


C: 91.14 


H: 5.43 


N: 3.43 


5 ' 


Found 


C: 91 20 


H: 5.49 


N: 3 31 



Synthesis Example 5: Synthesis of N.N.N , .N , -tetrakis(4 , -ethvlbiphenvl-4-vl)-9.10-phenanthrylenediamine 

The objective compound represented by the formula (3-3) (25.4g, yield: 27.3%) was obtained in substantially the 
io same manner as in Synthesis Example 4. except that 123.3g of 4-ethyl-4'-iodobiphenyl was used instead of 4-iodobi- 
phenyl. 



Elemental analysis (%) 


Calculated 
Found 


C: 90.47 
C: 90.42 


H: 6.51 
H: 6.46 


N: 3.01 
N: 3.11 



Synthesis Example 6: Synthesis of N.N.N'. N'-tetrakis(4'-methoxybiphenyl-4-yl)-9.10-phenanthrylenediamine 

The objective compound represented by the formula (3-5)'(23.5g ; yield^SJ^o^was obtained in substantially the 
same manner as in Synthesis Example 4. except that 1 24. Og of 4-methoxy-4'-iodobiphenyl was used instead of.4-io- 
dobiphenyl. 





Elemental analysis (%) 


25 


Calculated 


C: 84.57 


H: 5.60 


N: 2.99 




Found 


C: 84.47 


H: 5.63 


N: 3.06 



Production of electrophotosensitive materials 

Examples 1 to 3 and comparative Examples 1 and 2 (Single-layer photosensitive materials for digital light source) 

.First. 5 parts by weight of an electric charge generating material (X-type metal-free phthalocyanine represented 
by the formula (CG1)). 100 parts by weight of an electric charge transferring material and 100 parts by weight of a 
binding resin (polycarbonate) were mixed and dispersed in 800 parts by weight of a solvent (tetrahydrofuran) by means 
of a ball mill for 50 hours to prepare a coating liquid for single-layer photosensitive layer. In turn, the coating liquid was 
applied on an aluminum tube serving as a conductive substrate by a dip coating method, and then-dried in hot air at 
1 1 0°C for 30 minutes. Thus, single-layer photosensitive materials for digital light source according to Examples 1 to 3 
.and Comparative Examples 1 and 2 were produced which each had a 25um-ihick single-layer photosensitive layer. 

Used as the electriccharge materials in Examples 1 to 3 were the phenanthrylenediamine derivatives' of the present 
invention, which are shown in Table 1. 

An m-phenylenediamirie derivative (HT2-1 ) and a phenanthrylenediamine derivative (4-1 ) shown below were used 
as the electric charge transferring materials in Comparative Examples 1 and 2. respectively. 
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(HI 2-1.) 
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IS 



(4-1) 
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The characteristics of the thus produced electrophotosensitive materials of. Examples 1 to 3 and Comparative 
Examples 1 and 2 were evaluated by performing a test (I) of initial electric characteristics and a test (I) of electric 
characteristics after repeated light exposure, as follows: ■. 

Test (I) of initial electric characteristics 



By means of a drum sensitivity tester available from GENTEC CO.. a surface potential V Q (V) of each of the elec- 
trophotosensitive materials of Examples .1 to 3 and Comparative Examples 1 and 2 was measured when. a voltage 

25 was applied on the surface thereof to charge the surface at +700±20V. Then monochromatic light having a wavelength 
of 780nm (half-width:- 20nm) and a light intensity of 10uJ/cm 2 was extracted from white light of a halogen lamp (serving 
as. an exposure light, source) through a band-pass filter., and irradiated on the surface of the photosensitive material* 
(irradiation time: 15 seconds). A time required for the surface potential to be reduced to half was measured, and a/ 
half-life exposure E v2 (uJ/cm 2 ) was calculated A surface potential after a lapse of 0 5 second from the beginning of 

30 the light exposure was measured as a residual potential V r (V). ' . 



35 



40 



Test (I) of electric characteristics after repeated light exposure . 

After an image forming operation was performed 1 0.000 times by using each.of the electrophotosensitive materials . 
of Examples 1 to 3 and Comparative Examples 1 and 2 in a laser beam printer (Model TC-650 available from MITA 
INDUSTRIAL CO.. LTD.), a surface potential V 0 (V) and a residual potential V r (V) were measured in the same manner 
as described above by means of the aforesaid drum sensitivity tester, and differences AV Q (V) and AV r (V) between 
the measured values and the initial values were calculated . / -., ■ . 

The results are shown in Table 1 . . .... 

Table 1 • ' ' . " 





Electric charge 

generating 

material 


Electric charge 

transferring 

material 


Initial electric characteristics 


After repeated light exposure 


v 0 . 


v r 


E,; 2 - 






Ex.1 


V CG1 


3-1 


700 


50 


1.37 


-20 


. • .+5 


Ex.2 


CG1 


3-3 


699 


49 


-.1.39 


-20 


+6 


Ex.3 


. CG1 


3-5 . 


700. 


50 


' 1 35 


-15 


.'. '+7 


Com. Ex.1 


CG1 


HT2-1 • 


700 


'130 


2.45 


-220 


+55 


Com.Ex.2 


CG1 


4-1 . 


700 


85 : 


' 1.85 


-85 J 


+45 



45 



50 



55 



Examples 4 to 27 and Comparative Examples 3 to 16 (Single-layer photosensitive materials for analog light source) 

Single-layer photosensitive materials for analog light source were each produced in substantially the same manner 
as in Examples 1 to 3 and Comparative Examples 1, except that 5 parts by weight of a perylene pigment represented, 
by the formula (CG3-1 ) or each of bis-azo pigments represented by the formulae (CG4-1 ) to (CG4-7) was used as the 



42 



electric charge generating material. 



w 



15 



20 



25' 



H,C 



H,C 




( CG 3-1 ) 




: (CG4-1) 



N=N 




' 30 ■ 



35 • 



.-pi 



N = / H 




( CG 4-2 ) 




40 



45 



*50 



z CH 3 o 
fV-N-C 




H,C 



(CG4-3) 
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. r w. 



CH, 



om 



_V n 3 o 




(CG4-4) 



15 



20 



25 




(CG 4-5) 



N=N 




30 



35 




N-N y=v 



( CG 4-6 ) 




40 



45 



50 




(CG 4-7) 



The electric charge generating materials and electric charge transferring materials used in Examples 4 to 27 and 
55 Comparative Examples 3 to 16 are shown in Tables 2 and 3. , 

The characteristics of the thus produced electrophotosensitive materials of Examples 4 to 27 and Comparative 
Examples 3 to 16 were evaluated by performing a test (II) of initial electric characteristics and a test (II) of electric 
characteristics after repeated light exposure, as follows. 
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Test (II) of initial electric characteristics 

Surface potentials V Q (V) of the electrophotosensitive materials of Examples 4 to 27 and Comparative Examples 
3 to 16 were each measured in the same manner as in the test (I) of initial electric characteristics. Then, white light 
(light intensity; tOLux) of a halogen lamp serving as an exposure light source was irradiated on the surface of each of 
the electrophotosensitive materials (irradiation time: 1.5 seconds). A half-life exposure E 1/2 (Lux-sec) was calculated 
and a residual potential V r (V) was measured in the same manner in the test (I) of initial electric characteristics. 

Test (II) of electric characteristics after repeated light exposure 

An image forming operation was performed 10.000 times by using each of the electrophotosensitive materials of 
Examples 4 to 27 and Comparative Examples 3 to 16 in an electrostatic copying machine (Model DC2556 available 
from MITA INDUSTRIAL CO.. LTD.). Differences AV G (V) and AV r (V) were obtained in the same manner as in the test 
(I) of electric characteristics after repeated light exposure. 

The results are shown in Tables 2 and 3. 



Table 2 



25 



30 



■ 35 



50 
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Electric charqe 


Electric charge 


Initial electric characteristics 


After repeated light exposure 




generating 


transferring 














material 


material 


















o 


v r 


E, o 


OS 




Ex.4 


CG3-1 


3-1 ' . 


700 


1 37 


1.85 


-60 


+ 1 ^ 

T 1 J. 


Ex.5 


CG3-1 


3-3 


699 


138 


1.83 


-35 


' +15 


Ex.6 


CG3-1 


3-5 


698 


130 


1.85 


-20 


+25 


Com.Ex.3 


CG3-1 


HT2-1 


703 


195 


2.48 


-90 


■ +55 - 


Com. Ex.4 


CG3-1 


4-1 


700 


168 


2.25 


-62 


+45 


Ex.7 


CG4-1 


3-1 


702 


. -44 


1.47 


-45 


+ 10 


Ex.8 


• CG4-1 


3-3 


700 


48 


1.35 


-30 


f10 


Ex.9 


CG4-1 


3-5 


702 


55 


1.62 


-25 


+30 


Com. Ex 5 


CG4-1 


HT2-1 


701 


124 


1.60 


-215 


+45 . 


Com.Ex.6 


CG4-1 


4-1 


699 


98 


1.72 


-120 


+52 


Ex.10 


CG4-2 


3-1 


700 


46 


1.40 


-40 




Ex.11 


CG4^2 


3-3 


701 


58 


_ .1.40 


-25 


+15 


■Ex.12 


CG4-2 


3-5 


701 


58 


1.65 


-30 


+30 


Com. Ex. 7 


CG4-2 


HT2-1 


702 


131 


1.72 


-180 


+55 


Com. Ex.8 


CG4-2 


4-1 


702 


101 


1.68 


-140 


+43 


Ex.13 


CG4-3 


3-1 


704 


47 


1.48 


-15 


+10 


E Ex.14 


CG4-3 


3-3 


698 


54 


. 1.42 


-30 


+20 


Ex.15 . . 


CG4-3 


3-5 


700 


57 


1.68 


-25 


+25 


Com.Ex.9 


CG4-3 


HT2-1 > 


703 


124 


1.62 


-165 


f40 


Com.Ex.10 


. CG4-3 


4-1 


710 ." 


82 


1.51 


-145 , 


f36 


• ■ -* " Table 3 




Electric charge 


- Electric charge 


Initial electric characteristics 


After repeated light exposure 




generating 


transferring 














material 


material 


















. V o .... 










Ex.16 


CG4-4 


3-1 - 


701 


50 


1.30 




±0 


Ex.17 - 


CG4-4 


3-3 


700 


32 


1.20 


-25 


+10 



45, 
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Table 3 (continued) 



' : ' : - 

" . ■ 5 




Electric charge 

generating 

material 


Electric charge 

transferring 

material 


■Initial electric characteristics 


After repeated light exposure 










v o 




= 1/2 


-V\/ 


^ r 




Ex.18 


CG4-4 


3-5 


oyy 


4U 


1.10 


OA 

-20 


. OA 




Com.Ex.1V 


CG4-4 


HT2-1 


702 


110 


1 46 


-165 


+50 


.10 


Com. Ex. 12 


. . CG4-4 - 


4-1 


oyy 


1 no 


1 33 


CO 

-5b 


+4U 




Ex 19 


CG4-5 


3-1 


702 


47 


1.50 


-20 


+10 




Ex 20 


/ CG4-5 


3-3 . 


/U1 


58 


1 .56 


-10 


+10 




Ex 21 


CG4-5 


3-5 


/U1 


57 


1 .55 


-25 


+15 


15 ' 


Com. Ex. 13 


CG4-5 


■ HT2-1 


699 


138 


1.77 


-250 


+40 




Ex.22 


CG4-6 * - 


. 3-1 


705 


52 


1 27 


-35 


+25 




Ex 23 


CG4-6 


3-3. 


.702 


.. 59 


1.58 


-20 


+15 




Ex.24 


CG4-6 


3-5 


700 - 


56' 


1.56. 


-30 


+10 


20 


Com.Ex:14 


^CG4-6 


HT2-1 


698 


140 


2.17 


-225 , 


+65 . 




Com.Ex.15 


CG4-6 . 


4-1 


704 


75 


1.58 


-85 


+38 




Ex.25 • 


CG4-7 


3-1 


.702 


55 


■ 1.25 


-40 


+20 




Ex.26 


CG4-7 


3-3 


698 


60 


1.60 


-15 * 


+20 . 


25 


Ex.27. 


CG4-7 


3-5 


699 


58 


■ 1.60 


-25 


+10 




Com. Ex. 16 


CG4-7 


■ HT2-1 


695 


138 


1.98 


* -250 


+50 



30 



35 



40 



45 



Examples 28 to 30 and Comparative Examples 17 and 18 (multi-layer photosensitive materials for digital light source) 

First. 2.5 parts by weight of an electric charge generating material (X-type metal-free phthalocyanine represented 
by the formula (CG1 )) and 1 part by weight of a binding resin (polyvinyl butyral) were mixed and dispersed in 15 parts 
by weight of a solvent (tetrahydrofuran) by means of a ball mill to prepare a coating liquid for electric charge generating 
layer In turn, the coating liquid was applied on an aluminum tube serving as a conductive substrate by a dip coating 
method, and then dried in hot air at 110°C for 30 minutes Thus, an electric charge generating layer having a thickness 
of 0.5pm was formed. 

Subsequently. 1 part by weight of an electric charge transferring material and 1 part by weight of a binding resin 
(polycarbonate) were mixed and dispersed in 10 parts by weight of a solvent (tetrahydrofuran) by means of a ball mill 
to prepare a coating liquid for electric charge transferring layer In turn, the coating liquid was applied on the electric 
charge generating layer by a dip coating method, and then dried in hot air at 110°C for 30 minutes Thus, ah electric 
charge transferring layer having a thickness of 20jam was formed In this way. multi-layer photosensitive materials for 
digital light source according to Examples 28 to 30 and Comparative Examples 17 and 18 were produced. 

The characteristics of the thus produced electrophotosensitive materials of Examples 28 to 30 and Comparative 
Examples 1 7 and 18 were evaluated. by performing a test (III) of initial electric characteristics and a test (III) of electric 
characteristics after repeated light exposure, as follows 



Test (HI) of initial electric characteristics * *' 



so 



Surface potentials V 0 (V) of the electrophotosensitive materials of Examples 28 to 30 and Comparative Examples 
17 and 18 were each measured in substantially the same manner as in the test (I) of initial electric characteristics* 
except that the surface thereof was charged at -700+20V - 



Test (III) of electric characteristics after repeated light exposure 



55 



Differences AV Q (V) and AV r (V) were obtained in substantially the same manner as in the test (I) of electric char- 
acteristics after repeated light exposure, except that Model LP-2080 available from MITA INDUSTRIAL CO.; LTD. was 
used as the laser beam printer : ■ - \ r , ■ ; . 

The electric charge transferring materials used in Examples 28 to 30 and Comparative' Examples 17 and 18 and 
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the results of the aforesaid characteristic tests are shown in Table 4. 



Table 4 



5 




Electric charge 

generating 

material 


Electric charge 

transferring 

material 


Initial electric characteristics 


After repeated light exposure 


v 0 


v r 










Ex.28 


CG1 


3-1 • 


-702 


-15 


0.70 


-10 


+10 


W 


Ex.29 


CG1 


3-3 


-700 


-10 


0.80 




+ 15 




Ex.30 


CG1 " 


; 3-5' 


-700 


-15 


0.75 


-20 


+ 15 




Com.Ex.17 


CG1 


HT2-1 


-695 


-22 


1.85 


-55 


+35 


15 


Com.Ex.18 


CG1 


4-1 


-700 


-20 


0.93 


-45 


+30 



Examples 31 to 53 and Comparative Examples 19 to 32 (multilayer photosensitive materials for analog light source) 



Multi-layer photosensitive materials for analog light source were each produced in substantially the same manner 
as in Examples 28 to 30 and Comparative Examples 1 7 and 1 8 t except that 2.5 parts by weight of the perylene pigment 
20 represented by the formula (CG3-1 ) or each of the bis-azo pigments represented by the formulae (CG4-1 ) to (CG4-7) 
.was used as the electric charge generating material. ' * 
. ; The characteristics of- the thus produced electrophotosensitive materials of Examples 31 to 53 and Comparative 
Examples 19 to 32 were evaluated by performing a test (IV) of initial electric characteristics and a test (IV) of electric 
characteristics after repeated light exposure, as follows. 
25 . . . . * ■ 

' * Test (IV) of initial electric characteristics _ , . 7 - 

Surface potentials V Q (V) of the electrophotosensitive materials of Examples 31 to 53 and Comparative Examples 
1 9 to 32 were each measured in substantially the same manner as in the test (II) of initial electric characteristics, except 
30 that the surface thereof was charged at -700+20V 

Test (IV) of electric characteristics after repeated light exposure ' * t; ; 

Differences 4V 0 (V) and 4V r (V) were obtained in substantially the same manner as in the test (ll) of electric 
^5 characteristics after repeated light exposure, except that Model DC2556 (available from MITA INDUSTRIAL to... LTD.) 
modified with negative-charging design specifications was used as the electrostatic copying machine. 

The electric charge generating materials and the electric charge transferring materials used in Examples 31 to 53 
and Comparative Examples 19 to 32 and the results of the aforesaid characteristic tests are shown in Tables 5 and 6. 

Tables * 



.55- - 





Electric charge 


Electric charge 


Initial electric characteristics 


After repeated light exposure 




generating 


transferring 














material 


material 


















v 0 


v r 








Ex.31 


CG3-1 


3-1 


-700 


-138 


1.84 


-50 


+ 10 


Ex.32 


CG3-1 


3-3 


-701 


-130 


' 1 80 


* * -50 * 


+25 


Ex.33 


CG3-1. 


3-5 


-700 


-129 


1.79 


-35 


+ 15 . 


Com.Ex ; 19 


CG3-1 


HT2-1 


-699 . 


-157 


2.53 


-40 


+65 


Com. Ex.20 


CG3-1 


4-1 


-711 


-148 


• 1.98' 


-55' 


+59 


Ex.34 


■ CG4-1 


3-1 


-703 


-30 


0.46 


. -55 . 


+15 


Ex.35 


CG4-1 


3-3 


* -700 


-42 


0.41 


-45 


+50 


Ex.36 _ 


_ CG4 : 1 


3-5 . _ 


_-70T 


- -42 


0.45 


... _ - 15 _ ... 


- +20 - 


Com. Ex.21 


CG4-1 


HT2-1 


-704 


-90 


1.53 


-140 


+45 


Com.Ex.22 


CG4-1 


4-1 


-701 


-80 


0.65 


-89 


+42 
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Table 5 (continued) 



•5 




Electric charge- 
generating 
material 


Electric charge 

transferring 

material 


Initial electric characteristics 


•'After repeated light exposure 














E 1.2 








Ex.37 


CG4-2 


3-3 


-701 


-40 


.0 39 


-45 


+52 




' Ex.38 


CG4-2 


3-5 


-702 


-45 ■ 


0.45 


-15 


+20 / 


- W 


_ Com Ex.23. 


.,,_ r CG4-2 ... _ 


HT2-1 ,.. 


.. -697 


. -125 


. 1 65. 


.. ,..-.175... 


..+50 .... 




Com. Ex. 24 


CG4-2 


4-1 


-705 


-68 


0.82. 


-132 


• +49 




...Ex. 39 


CG4^3 




z7.00_ 


-25 


0 _44_ . 


■-30___ 


- _ _~+5_ 




Ex40 


CG4-3 


3-3 


-699 


-42 


0.38 


-41 


+50 


15 


Ex.41 - 


CG4-3 


' 3-5 


-701 


-50 


0.51 


-25 


+ 15 




Com. Ex. 25 


CG4-3 


HT2-1 


-701 


-104, 


1.74 


-125 


+40 




oorn.tix.iiO 




A 1 


. -699 


-75 


.0.83 


-86 


+39 


20 








Table 6 














Electric charge 
generating . 
material 


Electric charge 

transferring 

material 


Initial electric characteristics 


After repeated light exposure 


25 




















Ex 42 


CG4-4 


\ , "' 3r1 . 


.-,705 


: -27 


0 .36 - 


.45 . ... 


-• +5 . 




•Ex.43 , 


CG4-4 ' 


• 3-3 '. * v 


-700 


■ -25 


0.28' 


1 -45' ; 


. +35 , 




Ex.44 ■ 


r *CG4-4 


• 3-5 ' ■ 


-702 


-22 


. 0.24 


30 


. +15 / • 


■ JU. 


,Com.Ex 27 


CG4-4 ... 


- HT2-1 


-701 


. ' -75 


1.42 


-110 ' 


.:• +35 




Com Ex.28 


CG4-4 . > 


: 4-1 ' 


-702 


-42 


065 


. ., .... - -98 • - 


+38 




Ex.45 


CG4-5 


3-1 


-704 


-38 


0.45 


-50 


+20 




Ex.46 


CG4-5 


3-3 


-701 ■ 


-40 


0.41 


-45- 


+10 


35 


Ex 47 


CG4-5 


3-5 


-699 


-55 . 


0.52 


-35 . 


+25 




Com.Ex.29 


CG4-5 


HT2-1 


-700 


-135 


1 95 


-190 - 


, +60 




. Ex.48 


CG4-6 


3-1 


-701 


-37 


0.62 ; 


' ' : -50 


. +35 




Ex.49 


1 CG4-6 


3-3 . 


-702 


-45 


0.45 


-45- 


+10 


40 


Ex.50 


CG4-6 ; • 


3-5 . 


-701 


-54 


0.51- 


-35 - , 


"', +20 




Com Ex.30 


* CG4-6 


HT2-1 


-699 


-134 


1.82 


-200 


+70 




Com. Ex. 31 


CG4-6 


4-1 


-704 


-84 


.0.82 • 


-102 


+55 


45 


Ex.51 • 


CG4-7 


3-i 


-700 


-40 


0.50 


-45 


+25 


Ex.52 


CG4-7 


3-3 


-703 


-41 


0.41 


-50 


+15 




Ex.53 


CG4-7 


3-5,'. 


-700 ■ 


-55 


0 54 " 


-25 " : 


+35 . 




Com. Ex. 32 


CG4-7 


> HT2-1 


-700 


-138 


1.81 


-130 ' 


+75 



50 Examples 54 to 61 (Single-layer photosensitive materials for digital light source) 



Single-layer photosensitive materials for digital light source were each produced in substantially the same manner ; > ■ . \ 
as in Examples 1 to 3. except that 100 parts by weight of each of the phenanthrylenediamine derivatives represented ; - 
by the formulae (2-1) to (2-8) was used as the electric charge transferring material, and then the aforesaid test (I) of . ' 
55 initial electric characteristics and test (I) of electric characteristics after repeated light exposure were performed. K " 

The electric charge transferring materials used for the electrophotosensitive materials of Examples 54 to 61. and ' t; 
the results of the characteristic tests are shown in Table 7. ,-, * ■ . 
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■ Table 7 



5 




Electric charge 

generating 

material 


Electric charge 

transferring 

material 


Initial electric characteristics 


After repeated light exposure 




V . 










CX,j4 


Oo r 




699 


48 


1.35 


-20 


f6 


to ■ 


Ex.55 


CG1 


2-2 


702 


49 


1.38 


-22 


- ' 4-8 


Ex.56 


CG1 


■2-3 


700 


50 


1.39 


-18 . 


+-7 




Ex.57 


CG1 


2-4 


705 


51 


1!38 


-20. 


+4 




Ex.58 


CG1 


2-5 


701 


46 


1.32 


-23 


+6 




Ex.59 


CG1 


2-6 


709 


48 . 


1.36 


-25 


+7 


15 


Ex.60 


CG1 


2-7 


708 


55 


1.41 


-31 


+8 




Ex.61\ 


CG1 


2-8 


698 


57 


1.48 


-29 


* +9 



Examples 62 to 91 (Single-layer photosensitive materials ;or analog light source) 



Single-layer photosensitive materials for analog light source were each produced in substantially the same manner 
* as in Examples 4 to 27 : except that 100 parts by weight of each of the phenanthrylenediamine derivatives represented 
* by the formulae (2-1) to (2-8) was used as the electric charge transferring material and then the aforesaid test (II) of 
initial electric characteristics and test (II) of electric characteristics after repeated light exposure were performed. 

The electric charge generating materials and electric charge transferring materials used for the electrophotosen- 
sitive materials of Examples 62 to 91 and the results of the characteristic tests are shown in Tables 8 and*9. 



Table 8 



30 



35 



,40 





Electric charge 


Electric charge 


Initial electric characteristics 


After repeated light exposure 




generating . 


transferring 














material 


material 


















V o 


v r 








Ex.62 


CG3-1 


2-1 


699 


1 30 


1.85 


^23 


+16 . 


Ex.63 


CG3-1 


2-2 


702 


134 


1.84 


-25 


+18 


Ex.64. 


CG3-1 


■ 2-3 


704 


132 


1 .si- 


-21 


+13 


Ex.65 


CG3-1 . 


2-5 


710 


133 


1.83 


-35" 


^ +19 


Ex.66 v 


CG3-1 


2-8 


• 710 


140 v 


. .'1.89 


■ -40' 


• ■ +20 


Ex.67 


CG4-1 


' 2-1 


698 


46 


1.51 ; 


. -30 


+1 2 


Ex.68 


CG4-1 


2-2 . 


699 


•51 


1.60 


-25 


+ 15 


Ex.69: 


CG4-1 


2-3 


705 


49 


1.59 


- ' -28 * 


+18 


, Ex.70. 


CG4-1- 


2-5 


700 


53 


1.62 


-32 


+20 


Ex.71 


CG4-1 


2-8 


702 ' 


62 


1.69 


-34 


+13 


Ex.72 - 


CG4-2 


2-1 


700 


46 


1.44 


-30 ' 


+13 


Ex.73 


CG4-2 


2-2 * 


699 


48 


1.43 • 


-43 : 


+13 


Ex.74 


CG4-2 


2-3." 


695 


45 


1.41 


-35 


; +12 


Ex.75 


CG4-2 . 


2-5 


702 


'49 


1 43 


-29 


+ 18 . 


. Ex.76 


CG4-2* 


-2-8 - 


708 ' 


' ' 59 


1.65 


-35 " 


+20 
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Table-9 







Electric charge 


Electric charge 


Initial electric characteristics 


After repeated light exposure 






generating 


transferring 












5 




material / 


material 




















v 0 


v r 






_v r J 




Ex.77 


. CG4-3 


2-1 


701 


46 


,144 


-21 


+ 12 




Ex.78 


CG4-3 


2-2 


703 


46 


1.43 


-38 " 


+13 


10 


Ex.79" 


-•; • CG4-3" • -; 


— 2-3 - • - 


- 687 


; -43- 


— 1 .41 - 


• -35 ~ 


+20-- 




Ex.80 


CG4-3 


2-5 


709 


■ 48 . 


142. 


-40 


+18 ; 


— 


-Ex.8-1- 


CG4-3 — 


■■- 2.-8- 


7_1.0__ 


. 59^ _ 


._.1.68..__ 


_43 


, f19 




Ex.82 - 


CG44 ' 


. 2-1 . 


. 701 


33 


1.51 


-12 


+8 


75 


Ex.83 


CG4-4 


2-2 


699 " 


38 


1.14/ 


-18 


4-10 




Ex.84 


- CG4-4 


• 2-3 


703 


39 


1.21 


-14 






Ex.85 


O^** A A 


2-5 


705 


40 


1.12 


" -20 


+ 13 




Ex.86 


CG44 


2.-8 


708 - 


52 


1.36 


-13 ' 


+ 18 . 


20 . 


Ex 87 


CG4-6 


2-1 


710 


49 


1.25 


-31; . 


+28 




Ex.88 ' 


CG4.6 


2-2 


712\ 


51 


■1 39. 


-28. . 


+12 




Ex.89 


. CG4-6 


2-3 


705 


46 


1.21 


-26 • 


+13 




Ex.90. 


• CG4-6 


.2-5 


701 


53 


1.33. 


'-32 " 


+ 18 .' 


25 


. Ex.91 


CG4-6 


2-8 


704 


61 


1.49 


-30 


+16 •. 



, Examples'." 92 to 99 (multi-layer photosensitive materials for digital light source) 



Multi-layer photosensitive materials for digital light source were each produced in substantially the same manner 
as in Examples 28 to 30, except that a coating liquid for electric charge transferring layer was prepared by using 1 part , 
by weight of each of the phenanthrylenediamine derivatives represented by the formulae (2-1) to (2-8) as the electric ^ 
charge transferring material, and. then the aforesaid test (III) of initial electric characteristics and test (III) of electric 
characteristics after repeated light exposure were performed 

The electric charge transferring materials used for the electrophotosensitive materials of Examples 92 to 99 and ' 
' the results of the characteristic tests are shown in Table 10. 



Table 10 



40 




Electric. charge . , 

generating 

material 


Electric charge 

transferring 

material 


Initial electric characteristics 


After repeated light exposure 




v r 






Av r 




Ex.92 


CG1 


2-1 


-701 


-15 


071 


-15 


+ 11 - 




Ex.93 


CG1 


2-2 


-702 


• -12 


0.69 


-13' 


+16 , 


is 


Ex.94 


CGl' 


2-3 . 


-700 


-11 . 


0.61 


-14 • 


• +19 './ 


Ex.95 


CG1 


24 


-700 


-16 


0.71 


-16 


+18 ' . 




Ex.96 


• ■ ;CG1 ' • 


2-5 • 


-703 


-18 


0.74 ' 




+13 




Ex.97 


CG1 ' 


. 2-6 


-704 


-17 . 


0.73. 


... t -18 


+12 




Ex.98 


CG 1 . ,*. 


' '* 27 • • 


-701 . 


- -17 


0.73 


-22 ; ^ 


+18 


50 \ ' 


Ex.99 


; cgi 


\. \ 2-8 * . 


-700 


-18 


* 0.74 , 


* . -25 ' 


+20 *\ 



Examples 100 to 123 (Multi-layer photosensitive materials for analog light source) 



Multi-layer photosensitive materials for analog light source were each produced in substantially the same manner 
as in Examples 31 to 53, except that 1 00 parts by weight of each of the phenanthrylenediamine derivatives represented 
by the formulae (2-i) to (2-8) were used as the electric charge transferring material, and then the aforesaid test (IV) 
of initial electric characteristics and test (IV) of electric characteristics after repeated light exposure were performed. 
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The electric charge generating materials and electric charge transferring materials used for the electrophotosen- 
sitive materials of Examples 100 to 123 and the results of the characteristic tests are shown in Tables 11 and 12. 



Table 11 



5 




Electric charge 

npneratinn 

material 


Electric charge 

tr^n^fprrinn 

material 


Initial electric characteristics 


After repeated light exposure 










V o 








AV, - 


W 


Ex.100 


CG3-1 


2-1 


-702 


-139 


1.90 


-40 


+ 10 




Ex.101 


CG3-1 


2-2 


-701 


-139 


1.89 


-35 


+ 18 




Ex.102 


CG3-1 


2-3 


-689 


-131 


1.82 


-41 


+23 




Ex.103 


CG3-1 


2-8 


-702 


-128 


1.81 


-48 


+19 


15 


Ex.104 


CG4-1 


2-1 


-702 


-36 


0.48 


-53 


+15 




Ex.105 


CG4-1 


2-2 


-708 


-32 


0.44" 


-51 - 


+18 




Ex. 106* 


CG4-1 


2-3 


-700 


-38 


0.48 


-50 t 


+21 




£x.107 


CG4-1 


2-8 


-703 : 


-41 


0.49 


-55' 


: +23 


20- 


Ex.108 


CG4-2 


2-1 


-702 


-45 


• 0.49 


- -48 


+18 




Ex.109 


CG4-2 


2-2* 


-700 


-38 


; 0.43' 


-30 


+25 




Ex.110 


CG4-2 ' 


2-3 


-706 


-42 


0.51 


-41 


+35 




Ex.111 


CG4-2 


2-8 


-710" 


-43 


0.52 " ■ 


-52 * 


- +41 ■ 


25 








Table 12 










30 




Electric charge 

np> n £i r£t t in n 
yci ici c* ih f y 

material 


Electric charge 

LI eil lot tJt I If ly 

material 


Initial electric characteristics 


After-repeated light exposure 

■ ■ * - • s • 












E 1.'2 




.4Yr 




Ex. 112. 


CG4-3 . 


2-1 


-703 


-28 


0:43 


-32 


+20 




Ex.1 1 3 


CG4-3 


2-2 


' -700 


-49 


0.49 


-35 


v +19 


35 


Ex.1 14 


■ CG4-3 


2-3 


' -700 


-36 


0.37 


' -40 




Ex.115 


CG4-3 


2-8 


-704 


-38 


0.39 


-51 


+35 




Ex.1 16 


■ CG4-4 


2-1 


-708 


-29 


0.36 


-49 


, +8 




Ex.117 


' . " CG4-4 . 


V ' 2-2 


-701 . 


-32 


0.38 


.„ "51 


+12 ' 


40 


Ex.118 


CG4-4 


2-3 


-698 


-28 


0.34 


-44 


+11 


Ex.119 


CG4-4 


2-8 


-703 


-29 


0.32 


-52 


+ 19 




Ex.120 


CG4-6' 


2-1 


-702 


-38 


0.51 


-50 


* +32 




Ex. 121 


* CG4-6 


V" 2-2 


-706 


-'35 


'0.50 


-43 


+18 




Ex.122 


CG4-6 


2-3 


; '-709* 


,59 


. 0.52 


-38 


' ■ +28 


45 


Ex.123 


CG4-6 


2-8 ' ' ' 


-704 


-63 


0.63 


-39 . 


+29 



As is apparent from tables 1 to 12, the electrophotosensitive* materials employing the phenanthrylenediamine 
derivatives of the present invention are superior in the initial electric characteristics and the electric characteristics after 
repeated light exposure to the'corresponding conventional electrophotosensitive materials. , ' 

In the photosensitive materials of Comparative Examples 2, 4 : 6, 8 : 10. 12. 15. 18. 20.22, 24 : 26. 28 and 31 which 
each employed the phenanthrylenediamine derivative represented by the formula (4-1) as the electric charge trans- 
ferring material, the derivative was crystallized to such an extent that the characteristic evaluation of the photosensitive 
materials was not influenced thereby. , \.. _ , . 
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.1. A phenanthrylenediamine derivative represented by the general formula (1): 



5 




d) 

20 "wherein R 1 , R 2 R 3 and R 4 are the same or different and each represents a halogen atom, an alkyl group optionally 

having a substituenl an alkoxy group optionally having a substituent. or an aryl group optionally having a substit- 
' uent: and a. b : c and d are the same or different and each represents an integer from 0 to 5. 

2. A phenanthrylenediamine derivative according to claim 1. represented by the general formula (2): 

25 ■ ■ 



'" " ■ ■ 30 



35 r 




wherein R 1A and R 3A are the same or different and each represents a halogen atom, an alkyl group optionally 
having a substituent or an alkoxy group optionally having a substituent: R 2 and R 4 are the same or different and 
each represents a halogen atorrv an alkyl group optionally having a substituent. an alkoxy group optionally having 
a substituent. or an aryl group optionally having a substituent: and a. b. c and d are the. same or different and each 
represents an integer from 0 to. 5. ~ 

3. A phenanthrylenediamine derivative according to claim 1 . represented by the general formula (3): 



52 
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is 



10 



5 




20 



(3) 



wherein R 1 B . R 2 . R 3B and R 4 are the same or different and each represents a halogen atom, an alkyl group optionally 
having a substituent an alkoxy group optionally having a substituent, or an aryl group optionally having a substit- 
uent: and a. b. c and d are the same or different and each represents an integer from 0 to 5. 



4. An electrophotosensitive material comprising a conductive substrate, and a photosensitive layer formed on the, 
conductive substrate and containing a phenanthrylenediamine derivative represented by the general formula (1) 
defined in claim 1 . 

5. An electrophotosensitive material according to claim 4. wherein the photosensitive layer is a single-layer photo- 
sensitive layer containing an electric charge generating material and the phenanthrylenediamine derivative rep- 
resented by the general formula (1) as an electric charge transferring material. 

6. An electrophotosensitive material according to claim 4. wherein the photosensitive layer is a multi-layer photosen- 
sitive layer having an electric charge transferring layer containing the phenanthrylenediamine derivative repre- 
sented by the general formula (1 ) as an electnc charge transferring material and an electric charge generating 
layer containing an electric charge generating material. 



25 



40 



45 . 
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